The quality of Learning Objects (LOs) is currently being promoted by certain tools which consider specific criteria for their evaluation; however, there is no existing methodology that considers both the value assigned to the LO itself and the percentage related to the number of evaluators who have compared the quality of resources. As in the case of various products offered through the Internet backed by an assessment of users in a unified ranking, the purpose of this paper is to suggest a proposal for the automated assessments of experts who can clearly see the best or worst aspects in LO quality.
I. INTRODUCTION
The quality of educational resources needs to be measured through an instrument that will reflect to what extent the resource in question fulfills specific quality criteria. In the case of LOs there are diverse tools that consider different quality criteria and assessment rubrics. Within those criteria there are technical and pedagogical issues that are valued by experts and users individually in order to make the necessary improvements, but those results are often not visible to users who are not able to compare what subject has been rated better or worse and why. With this situation in mind, the aim of this paper is to propose a methodology for ranking learning objects based on a tool that considers specific types of LOs.
On this basis, the second section presents the various LO types suggested for evaluating different kinds of granularity level quality. The third section presents the evaluation tool HEODAR (Herramienta de Evaluación de Objetos Didácticos de Aprendizaje Reutilizables/Reusable Learning Objects Assessment Tool) and a proposal about how this could be advantageous to users by providing a ranking methodology that allows them to view and select LOs according to their quality. Finally, we present our conclusions and future work.
II. DEFINING THE TYPE OF LEARNING OBJECT TO
EVALUATE The development of standards for e-learning and the characteristics of LOs offer new possibilities for managing educational resources. There are many possibilities for knowledge management to support teaching and learning processes, through e-learning systems, such as knowledge delivery and student evaluation of courses, etc. [1] [7] . However, according to the LO characteristics and the capabilities of the standards it is necessary to consider how to manage the quality of LOs by taking into account their characteristics.
In order to decide what to manage in an LO management system we must define the type of object to be treated according to its granularity level, how it is managed and who is involved in its management.
In light of the above, this proposal suggests managing and evaluating LOs according to their granularity level. The levels proposed by IEEE LOM [4] are broad and do not present an educational structure for their use. In this situation, in order to know what type of object should be assessed and managed, a more specific definition of the granularity levels of this standard must be undertaken.
These groups of LOs that will make up new educational units at various levels should be classified to know specifically what type of LO is being managed. Considering the level of granularity proposed by IEEE LOM, this proposal suggests the following classification [8] .
• Level 1: The smallest level of granularity, e.g, a photo, a video, etc. • Level 2: A lesson with a specific learning objective, considering a specific kind of contents (data and concepts, procedure and processes, reflection and attitude), which can be formed by a group of level 1 LOs. Practice and evaluation activities can also be considered (optional). • Level 3: A learning module composed of a set of lessons (level 2 LOs) with a minimum of two or three kinds of contents (data and concepts, procedure and process, principles). Practice and evaluation activities can also be considered (optional). • Level 4: A learning course composed of a set of modules (level 3 LOs) with a minimum of two or three kinds of contents (data and concepts, procedure and process, principles). Practice and evaluation activities can also be considered (optional).
The LO definition is a key issue in order to establish specific quality criteria. To define an evaluation instrument, we decided to consider the minimal unit of learning as our Level 2 because we believe it fulfills the requisites for the main idea of the LO concept.
Accordingly, we have defined what kind of quality criteria must be considered for LO evaluation, but first our definition of LO quality must be given. Taking into account certain quality definitions, quality itself and quality educational resources, we define LO quality as the resources that fulfill the characteristics of achieving educational goals in an effective way and also as the resources that can be reused and managed in a suitable way.
Given the various LO definitions in the literature and the various levels of granularity proposed by IEEE LOM, it is possible to find LOs with the same size but different components and instructional design [12] . In order to evaluate an item, whatever it is, it is always necessary to know its characteristics and then apply the criteria, metrics and tools necessary.
The definition of the components for each level of granularity suggested in this proposal serves as a basis on which to define specific criteria to assess whether or not LOs meet the quality requirement. These components ensure that the design of LOs fulfills the minimum instructional requirements needed to consider the LO as a minimum unit through which a specific learning goal can be achieved.
To provide the criteria for evaluating the object from different points of view it is important to classify them into categories that define the evaluation framework
III. LEARNING OBJECTS EVALUATION INSTRUMENT FOR
EXPERTS The HEODAR tool has thus been designed taking into account a broad variety of quality criteria for evaluating LOs from pedagogical and technical points of view [10] , which is the result of reviewing various proposals for educational resources assessment as well as a comparative analysis with the LO assessment tool LORI [11] . The educational category is addressed to assessing aspects associated with the user (psychological significance) and the curriculum (logical significance). On this basis, we propose criteria for evaluating educational aspects through the "psychopedagogical" and "teaching curriculum" categories. Moreover, we also propose criteria for evaluating aspects of interface design and navigation [10] .
The purpose of the educational criteria is to assess a range of educational issues and must be present in any educational contents to promote learning, whether in matters relating to students or the curriculum. As a result we have designed a tool that aims to assess the contents from two angles: psycho-curricular and teaching.
In the psychopedagogical category, the criteria are aimed at evaluating the psychological aspects; for this reason, the term "psychopedagogical" has been used. The criteria have been defined on this basis: Capable of motivation (attractive and original presentation, provides relevant information, etc.), adaptation to the audience, interactivity and creativity (Figure 1 ).
In the curricular teaching category the approaches are associated with logical significance, i.e. whether the LO is appropriate for curriculum goals (Figure 2 ). Among these are: objectives (properly formulated, feasibility), contents (information that is correct, accurate, non-discriminatory; structuring of the material in a way appropriate to the objectives and characteristics of users), activities and methodology.
As regards the concept of usability, it refers to the ease with which specific users can employ the LO in specific contexts; therefore, it is subject to objective conditions that can be measured by different users, as well as subjective conditions in relation to the degree of user satisfaction with respect to the use of a resource. This concept is also applied to the Web characteristics as regards an adequate and efficient interface design. The design of the LO is a very important factor in the evaluation of its quality. The LO can be very good in terms of contents and pedagogically well structured; however, if the interface design hinders interaction it may ultimately discourage users and reduce their attention level. Currently there is enough literature available to help make a proper web design and improve usability, from which different quality criteria can be obtained [2] , [6] , [13] .
On this basis and in accordance with the principles of usability [13] we have established two basic aspects in the evaluation of LO interface design: content design and navigation design.
Interface design addresses the assessment of technical aspects associated with the aesthetic design of the LOs. Aspects to assess are: Text, Image, Animation, Multimedia, Audio, and Video. Each of these aspects presents specific criteria for evaluation ( Figure 3) . Navigation design is focused on evaluating the organization of information in relation to the possibilities of accessing it through navigation (Figure 4 ). Based on [13] , evaluation criteria associated with the home page and navigation are suggested.
To assess each of the criteria a range has been defined, as shown in Figure 2 , which includes a numerical rating from 1 to 5, five being the highest. There is also a "Don't know" option that can be used if the expert is not familiar with the criteria.
For this situation, we have defined a textual value because if it were numerical, the instrument would average it in with the other values, which would result in a very bad evaluation, which is not necessarily the case, thus reducing the value of the final quality assessment. [8] [9] [10] .
Each of the criteria that are within a category should be evaluated on an individual basis, thus ensuring a more accurate and reliable result. After this assessment, the tool calculates the average that reflects the final value of the LO's quality. Accordingly, the tool presents an item for "comments" in which the evaluator can make further comments not only on the object itself, but is also asked "if you consider that the object can be reused in other areas, give some examples." The responses are then analyzed through a qualitative assessment which summarizes the main ideas put forward and metadata are added as a description of its numerical quality. 
IV. HEODAR INTEGRATION INTO MOODLE
Based on the idea of constructivist learning where the exchange of information and feedback from it are the basis for the creation of new knowledge, we present the results of the evaluation of the HEODAR tool mentioned and explained above as a mechanism for contributing new information about the assessment of learning objects, thus providing important information for both tutors and students.
The Moodle platform is a software package designed to help the teacher easily create online courses. This tool has been selected for its characteristic ease of updating and its modular design, ideal characteristics for this proposal. Moreover, the Moodle platform promotes a social constructivist pedagogy, that is, activities that facilitate interaction, collaboration and cooperation. This aspect is important for LO management since it is not enough just to design this type of activity; the platform should also facilitate its development.
Furthermore, Moodle is a very adaptable platform (among other features, which make it stand out it over the others) [3] [5] and is a free and open source, and thus can be modified allowing the integration of HEODAR.
In this way, taking as a basis each user's role in the platform, we would add, as shown in Figure 5 , an activity only for "teachers" and "non-editing teacher" (which are two of the 7 possible roles in the platform), from which they can access the details of the assessments, see the list of evaluators, as well as comments from them; to do this, we change mainly the tables "_modules", "_role_capabilities," among others, and create a "_scorm_heodar" table.
"_scorm_heodar" will be used to store and view the results of the different assessments of SCORM / AICC objects, taking as fields the object identifier, the evaluation obtained, the evaluator, and a comment.
As we can see in Figure 6 , the result of consulting this table will be shown on the page that lists the learning objects of each course; these ratings can be viewed by any user of the learning platform, providing feedback between designers of learning objects, teachers, and / or experts, thus enabling their continuous improvement.
The representation uses a 5-star rating from 1 to 5, filled in depending on the case, either by values or weighted values. The LO assessment, as shown in Figure  6 , is divided into three parts: 1 is the representation of the average of the results of all assessments made of the LO, this is the LO assessment; 2 represents the value multiplied by the percentage of teachers who have evaluated the LO with respect to the total number of teachers, resulting in the weighted assessment, and finally 3 is the percentage of teachers who have evaluated the LO with respect to the total number of teachers. V. CONCLUSIONS In this article we have presented a proposal for incorporating the assessment tool HEODAR so that it can be used in practice by experts to assess LOs and display the results of other assessments. It is thus addressed to providing experts with information about the LO's quality from various points of view and to use that knowledge to improve LO quality.
Experts who have validated each of the criteria presented in four categories have previously assessed the tool. Thus, the tool has a wide variety of criteria that can be assessed by specialists in technical and pedagogical aspects. The range of proposed assessment has welldefined indicators, which permit specific knowledge of the type of LO quality. Moreover, the ranking methodology suggested considers not only the average score obtained by an LO, but also one that is weighted by the number of teachers or experts who have assessed the tool and furthermore provides the percentage of teachers who have assessed the LOs in relation to the total percentage, so the final quality assessment becomes more reliable in that it considers the number of assessments.
Importantly, this proposal seeks to exploit the facilities presented by the Moodle open source tool, which allows us to make a specific proposal on how to modify tables to incorporate an assessment tool such as HEODAR.
As to future work, we plan to implement this proposal to provide specific data that can be analyzed. We furthermore seek to adapt the criteria for the assessment tool for users of LOs, so that upon using them they can provide valuable information in order to continually improve the quality of LOs.
